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HISTORICAL  BACKGROUND 

Distention  of  the  urinary  bladder  and  hydronephrosis 
are  among  the  earliest  recorded  abnormalities  which  occur 
in  estrogen  treated  mice,  Lacassagne  (1933)  was  the  first 
to  record  enlargement  of  the  posterior  lobes  of  the  prostate 
gland  in  estrogen  treated  male  mice  and  to  note  consequent 
obstruction  to  the  urinary  outflow  tract  with  distention 
of  the  urinary  bladder  and  hydronephrosis .  He  pointed  out 
that  enlargement  of  the  prostate  gland  with  urinary  retention 
and  secondary  obstructive  lesions  occurred  only  after  5 
months  of  treatment.  His  findings  were  confirmed  by  Burrows 
(1934)  and  Burrows  &  Kennaway  (1934)  when  they  treated  male 
mice  for  21  weeks  or  more  with  a  saturated  solution  of 
ketohydroxyestrin  in  benzene  applied  to  non-epilated  skin. 
Burrows  also  noted  diminution  in  the  size  of  the  seminal 
vesicles,  atrophy  of  the  testes,  and  the  appearance  of 
scrotal  hernias  in  these  mice.  He  first  described  the 
histological  changes  occurring  in  the  prostate  after  estrogen 
treatment  (Burrows  &  Kennaway,  1934;  Burrows,  1935)  and  his 
observations  have  been  confirmed  by  various  other  writers 
(Horning,  1949;  deWaard,  1956).  He  describes  epithelial 
, metaplasia  occurring  in  the  prostate  with  the  eventual 
appearance  of  stratified  squamous  keratinizing  epithelium 
in  the  prostatic  acini  accompanied  by  hyperplasia  of  the 
f ibromuscular  stroma  and  finally  leucocytic  invasion  of  the 
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keratinized  tissue.  Epithelial  metaplasia  xvas  also  noted 
in  the  urethral  glands  of  the  male  mouse  which  resulted 
in  this  glandular  epithelium  becoming  entirely  squamous 
and  cornified  from  the  verumontanum  to  the  urethral  divert¬ 
iculum. 

Burrows  (1934)  also  treated  female  mice  with  estrin 
applications  to  non-epilated  skin.  In  these  animals  he 
noted  the  accumulation  of  masses  of  keratinized  epithelium 
in  the  vagina  which  in  some  animals  after  21  weeks  or  more 
of  treatment  attained,  a  size  large  enough  to  distend  the 
vaginal  canal  and  cause  death  from  urinary  obstruction 
and  hydroneph.ro  sis. 

Gardner  (1935)  treated  6  male  mice  with  weekly  injections 
of  500  I.U.  of  Folliculin  benzoate  for  periods  of  14  to  28 
weeks  and  noted  distention  of  the  urinary  bladder  and  of 
the  urethra  to  the  level  of  the  pubic  symphysis  in  each 
animal.  Hydroureter  and  hydronephrosis  were  seen  in  2  of 
these  animals.  These  changes  were  also  seen  on  male  mice 
treated  for  periods  of  2  to  10  weeks  with  ketoestrin  benzoate 
(Gardner,  1936)  and  after  264  days  of  treatment  Ith  weekly 
injections  of  0.05  mg.  estradiol  benzoate  (Hooker,  et.  al, , 
1940).  Gardner  suggested  that  the  changes  were  due  to 
constriction  of  the  urethra,  in  the  region  of  the  pubic 
symphysis . 

Shinkin  and  co-workers  (1941)  recorded  variations  in 
degree  of  urinary  retention  occurring  in  different  strains 
of  male  mice  while  studying  testicular  tumors  induced  by 
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implantation  of  stilbestrol-cholesterol  pellets  over  an 
11  month  period.  He  reported  minimum  urinary  retention  in 
strains  C  and  C3H  mice  treated  with  25%  stilbestrol  pellets 
and  no  secondary  obstructive  lesions  in  strain  C  mice. 
Strain  C57  Black  mice  were  noted  to  have  early  extreme 
urinary  retention  and  a  high  mortality  rate  with  10,7 
stilbestrol  pellets.  Strain  A  mice  did  dev 
retention  but  also  incontinence  which  led  perineal 
ulceration  from  the  urinary  dribbling  but  a  low  mortality 
rate . 


Crelin  and  H  ii  (  955)  imp]  -2  Big 

particles  at  the  dorsal  surface  of  the  pubic  symphysis  and 
30  days  after  implantation  noted,  distended  bladders  in  15 
out  of  18  castrated  male  mice  and  3  out  of  16  female  mice. 


Haines  (1957)  noted  bladder  distention  i  mal  mic 
17  days  of  daily  injections  of  1.5  jagm.  of  estr  diol  benzoate. 
Burrows  (1949)  suggested  that  muscular  atony  may  play 


a  part  in  producing  the  urinary  bladder  d.istention  in 
estrogen  trea.ted  animals.  He  points  out  that  estrogen  plus 
progesterone  have  been  shown  to  produce  atony  of  the  ureters 
and  bladder  in  pregnant  animals . 

Thompson  (1955)  found  correlation  between  increase 
water  intake  and  dilatation  of  the  urinary  bladder  in  estrogen 
treated  male  mice.  He  implanted  5  mg,  of  20,7  estradiol- 
cholestrol  in  male  mice  of  strains  C3H,  A,  and  057  Blacl: . 

After  30  days  he  noted  an  increase  in  water  intake  up  to 
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3.1cc  per  day  and  simultaneously  dilatation  of  the  urinary 
bladder  as  determined  by  abdominal  palpation  in  strains 
A  and  C57.  He  noted  the  dilatation  occurred  in  a  cyclic 
manner  and  also  the  urinary  output  was  increased.  These 
phenomena  did  not  occur  in  strain  C3H  mice.  An  increase  in 
the  fluid  intake  of  estrogen  treated  animals  had  been 
pointed  out  by  Tornaben  and  Light  (1953 )  •  Thompson  suggested 
that  the  bladder  distention  occurring  in  estrogen  treated 
mice  has  a  functional  rather  than  anatomical  basis. 
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INTRODUCTION 


Distention  of  the  urinary  "bladder  occurs  in  mice  sub¬ 
jected  to  prolonged  treatment  with  estrogens.  This  obser¬ 
vation  has  been  made  most  frequently  in  animals  treated 
with  high  doses  of  estrogens  after  a  period  of  many  months 
and  has  been  noted  to  be  accompanied  by  hydroureter  and 
hydronephrosis.  It  appears  in  both  male  and  female  mice, 
occurring  earlier  in  the  males  (Haines,  1957;  Crelin  & 

Haines,  1955).  Various  mechanisms  have  been  suggested  to 
explain  this  phenomenon:  cornif ication  of  urethral 
epithelium  (Burrows,  1949 },  hypertrophy  of  the  prostate 
glands  occurring  in  males  after  prolonged  estrogen  treatment 
(Burrows,  1934;  Burrows  &  Kennaway ,  1934;  Horning,  1949); 
vaginal  obstruction  by  cornified  masses  of  shed  epithelium 
in  females  (Burrows  &  Kennaway,  1934);  Increase  in  the 
water  intake  of  treated  animals  (Thompson,  1955);  atony  of 
the  urinary  bladder  (Burrows,  1949);  localized  cytological 
changes  leading  to  constriction  of  the  urethra  (Gardner, 
1935).  None  of  these  mechanisms  has  been  completely  sub¬ 
stantiated  experimentally  nor  has  a  detailed  systematic  study 
been  made  to  determine  the  duration  of  treatment  necessary 
to  cause  the  bladder  distention. 

In  order  to  understand  the  basic  mechanisms  of  this 
phenomenon  one  should  know  If  estrogen  treatment  brings 
about  gradual  histological  changes  in  the  urinary  outflow 
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tract  which  lead  to  obstruction.  The  more  obvious  changes 
of  squamous  metaplasia  and  eornification  of  urethral 
epithelium  noted  by  other  investigators  appear  only  after 
months  of  treatment  and  still  do  not  explain  the  distention 
on  an  obstructive  ba.sis,  let  alone  explaining  its  occurrance 
before  these  changes  are  induced,  for  distention  has  been 
noted  as  early  as  17  days  of  estrogen  treatment  {Haines,  1957). 

The  present  experiment  was  set  up  with  two  ends  in  mind: 
(l)  to  determine  the  duration  of  treatment  with  estrogen 
necessary  to  produce  urinary  bladder  distention,  and  (2)  to 
determine  the  presence  of  any  histological  changes  in  and 
adjacent  to  the  urinary  outflow  tract  sufficient  to  cause 
obstruction  at  the  time  distention  is  first  noted.  Male 
animals  were  employed  exclusively  in  this  experiment  because 
of  the  earlier  appearance  of  bladder  distention  in  males 
compared  with  females.  All  treated  animals  were  first 
castrated  to  eliminate  the  influence  of  the  intrinsic 
gonadal  hormones.  The  bladder  and  urinary  outflow  tract 
were  examined  grossly  and  histologically  from  mice  sacrificed 
at  daily  Intervals  during  a  50  day  period  of  estrogen 
treatment  and  at  10  day  intervals  during  a  50  to  60  day 
period  of  treatment.  Both  intact  and  castrated  controls 


were  similarly  studied  for  comparison. 
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MATERIALS  AND  METHODS 


One  hundred  and  fourteen  male  mice  (Brown-belt  stock) 
were  divided  into  four  groups  and  received  the  following 
treatment : 

roup  I  6c^  Untreated  Intact  Controls 

These  animals  received  no  treatment  and  were  sacrificed 
at  the  age  of  three  months. 

Group  II  80'  Untreated  Castrated  Controls 

These  animals  were  castrated  at  the  age  of  two  months 
and  were  sacrificed  14  days  following  cs.stration* 

G-roup  III  90b  Estrogen  Treated  Animals 

These  animals  were  castrated  at  3  months  of  age  and 
were  treated  with  daily  injections  of  2  jugm  estradiol  benzoate 
in  O.04cc  sesame  oil  subcutaneously  beginning  one  week  after 
castration.  Two  animals  were  then  sacrificed  each  day  for 
30  days;  10  animals  were  sacrificed  after  40  days  of  treat¬ 
ment,  8  animals  after  50  days  of  treatment,  and  8  animals 
after  60  days  of  treatment.  Four  animals  died  during  the 
treatment  period, 

G-roup  IV  Water  Intake  Study  Group  5<$  Untreated  Castrated 

Controls 

7 o  Estrogen  Treated 
Animals 

An  additional  group  was  set  up  for  the  purpose  of 
determining  changes  in  water  intake  during  the  course  of 
treatment  with  estrogen.  Five  castrated  controls  and  7 
animals  treated  with  2  y.igm  estradiol  benzoate  daily  for 
52  da,ys  were  placed  in  individual  boxes,  and.  lOcc  of  water 
was  mad.e  available  in  a  graduated  pipette  to  each  animal 
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each  morning  for  8  days*  The  water  intake  of  each  animal 
over  a  24  hour  period  was  then  calculated  each  morning. 

The  treated  animals  continued  to  receive  daily  injections 
of  2  ;tigm  estradiol  benzoate.  All  the  mice  were  sacrificed 
the  morning  of  the  9th  day. 

Throughout  the  experiment  the  animals,  including  those 
of  Group  IV  up  to  the  time  of  the  water  intake  study,  were 
housed  5  in  a  box  and  fed  Purina  Lab  Chow  and  water  ad 
libitum. 

Each  animal  was  sacrificed  by  digital  separation  of 
the  atlanto-occipital  joint,  A  ligature  of  ordinary  #50 
white  thread  was  immediately  placed  on  the  distal  end  of 
the  penis  to  prevent  post-mortum  discharge  of  urine.  A 
midline  incision  in  the  abdominal  wall  from  the  xiphoid 
process  to  the  pubic  symphysis  was  made,  and  the  symphysis 
was  exposed.  The  flexibility  of  the  symphysis  was  determined 
in  situ  by  grasping  the  innomins-te  bones  with  forceps  and 
moving  them  in  opposite  directions.  The  degree  of  flexibility 
was  graded  0  to  3*.  The  interpubic  gap  was  then  measured 
with  a  caliper  at  the  narrowest  point  between  the  innominate 
bones  (method  reported  by  Crelin,  1954).  The  gross  appear¬ 
ance  of  the  urinary  bladder,  ureters,  kidneys,  and  membranous 
urethra  was  noted.  Distention  of  the  urinary  bladder  was 
graded  from  x  to  5x,  x  representing  the  average  size  of 
the  intact  controls.  A  measurement  in  situ  of  the  greatest 
transverse  diameter  of  the  urinary  bladder  was  also  taken 
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by  use  of  a  caliper. 

The  ureters  and  vasa  deferentia  were  then  sectioned 
at  the  level  of  the  bladder.  The  innominate  bones  were 
transected  lateral  to  the  pubic  symphysis;  the  urinary 
bladder ,  accessory  glands,  membranous  urethra,  bulbo- 
and  ischiocavernosus  muscles,  penis,  and  symphysis  were 
excised  en  bloc. 

The  tissues  sere  fixed  in  Bonin’ s  fluid  with  the 
exception  of  those  tissues  selected  for  staining  with  the 
Periodic  Acid  Schiff  method.  These  tissues  were  fixed  in 
Rossman’s  picro-alcohol-formali  =  l.  The 

were  trimmed  by  removal  of  the  greater  portion  of 
accessory  glands  as  well  as  portions  of  the  urinary  bladder 
in  those  specimens  which  were  too  large  for  sectioning 
with  a  conventional  rotary  microtome.  The  os  penis  ./as 
also  removed.  All  tissues  were  then  dehydrated  and  embed  led 
in  paraffin  at  60*  C .  They  were  sectioned  longitudinally 
at  8rgiu  and  mounted  in  serial  arrangement  on  glass  slides 
using  Mayer ’ s  albumin. 


Three  staining  methods  were  employed: 


o . 


Hematoxylin  and  Try thro sin 

ication  of  Hortega’s  Silver 
method  to  demonstrate  colli:  gen  and  reticulum  fibers. 
Periodic  Acid  Schiff  stain  to  lcnstr-te 
mucopolysaccharides  (iiaciianus,  1940} . 


Approximately  an  equal  distribui 


..issue; 


stained  by  all  three  methods  was  made.'  in  each  group. 


In 


addition, 


each  tissue  sectioned  was  studied  using 


DC  lari zing 


microscope 
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RESULTS 


Group  1  60  Untreated  Intact  Control 3 

At  necropsy  2  to  4  drops  of  urine  escaped  from  the 
urethral  meatus  of  each,  animal  before  a  ligature  could  be 
placed  on  the  distal  end  of  the  penis.  The  urinary  bladder 
of  each  animal  was  normal  and.  undistended.  The  greatest 
transverse  diameter  of  the  bladders,  measured  in  situ, 

1 .  a  ■  ;  nd  1  from  3 .6  t  ",  Dm  .  Th  e  kid  '  , 

ureters,  membranous  urethra,  and  accessory  glands  were 
normal  in  each  animal.  Their  pubic  symphyses  were  quite 
rigid,  and  each  had  an  intsrpubic  separation  of  0.25mm. 
(Table  II) 

Microscopically  it  was  found  that  the  mucous  membrane 
of  the  bladder  was  thrown  into  irregular  folds,  and  the 
transitional  epithelium  was  4  to  5  cells  thick.  The 
lamina  propria  consisted  chiefly  of  collagen  fibers  and 
blood  Is.  The  muscular  coat  consisted  of  ... 

bundles  of  smooth  muscle  which  became  ciccul  riy  arranged 
at  the  neck  of  the  bladder.  The  ducts  of  the  coagulating 
glands  entered  the  dorsal  wall  of  the  neck  of  the  bladder. 


Dorsal  to  thi 
and  the  wide 
verumontanum 
the  urethra. 


s  was  the  entrance  of  the  neck  of  the  ampulla 
duct  of  the  vesicular  gland  forming  the 
(colliculus  siminalis)  on  the  dorsal  wall  of 
The  accessory  glands  were  uniformly  lined 


by  secretory  epithelium.  (Drawing  3) 
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The  luminal  walls  of  the  me  brancus  and  penile  urethra 
were  unfolded  and  wide  apart  throughout  except  for  a  short 
distance  at  the  site  of  the  urethral  diverticula  where  it 
was  narrow.  This  was  also  at  the  junction  of  the  membrane 
and  penile  urethra.  (Drawing  3,  Fig.  7)  Although  narrow. 


the  luminal  walls  were  always  apart.  The  luminal  walls 
of  the  urethral  diverticula  were  also  widely  separated. 

The  membranous  urethra  was  lined  by  stratified  squamous 
epithelium  throughout  its  length  and  was  oontinous  with 
the  stratified  columnar  epithelium  of  the  penile  urethra. 

The  urethral  glands  (of  Littre),  found  only  in  the  membranous 
urethra  and  consisting  of  small  groups  of  alveoli,  were 
surrounded  by  the  loose  connective  tissue  framework  of 
the  lamina  propria  in  the  membranous  urethra.  Surrounding 
this  was  a  thick  layer  of  striated  muscle  fibers  which 
sheathed  the  entire  membranous  urethra.  (Figs.  12  and  13) 


The  urethral  diverticula  were  lined  by  transitional  epith¬ 
elium  beneath  which  were  glands  similar  to  those  of  the 
membranous  urethra.  Deep  to  the  glands  was  a  fibrous 
membrane  and  an  outer  striated  muscle  coat:  the  bulbocavernosus 
muscle.  (Figs.  7 ,  9>  and  11)  The  duct  of  the  bulbo- urethral 
gland  bilaterally  entered  the  urethral  diverticulum  between 
the  glands  in  the  lateral  wall  of  the  diverticulum  and  the 
urethral  glands  in  the  wall  of  the  adjacent  membranous 
urethra.  (Fig,  7  5 

The  Foot-Hortega  method  revealed  moderate  amounts  of 
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red  stained  bundles  of  collagen  fibers  in  the  areas  of 
the  lamina  propria  in  the  bladder  and  the  membranous 
urethra.  Dense  collagen  bundles  were  demonstrated  in  the 
trabeculae  forming  the  cavernous  spaces  and  in  the  tunica 
albuginea  of  the  corpora  cavernosa  urethra  and  penis. 

Collagen  bundles  were  also  demonstrated  surrounding  the 
urethral  diverticula.  Only  a  few  scattered  black  silver- 
stained  reticular  fibers  were  seen  in  the  lamina  propria 
of  the  membranous  urethra.  A  large  number  of  reticular 
fibers  were  found  scattered  among  the  striated  muscle 
bundles  surrounding  the  membranous  urethra. 

The  collagen  fibers  showing  the  greatest  birefringence 
with  polarized  light  were  those  of  the  erectile  tissue, 
tunica  albuginea.,  and  the  extension  of  the  latter  to  the 
pubic  symphysis,  consisting  somewhat  of  a.  suspensory 
ligament  of  the  penis. 

The  P.A.S.  method  revealed  uniform  pinkish-red  staining 
of  the  intercellular  ground  substance  throughout  the  sections. 

Group  II  8cf  Untreated  Ca,strated  Controls 

Measurements  of  the  greatest  transverse  diameter  of 
the  bladder  ranged  from  3.7mm  to  4.1mm  in  this  group.  Other 
gross  findings  were  the  same  as  those  described  for  the 
intact  controls  except  for  a  slight  atrophy  of  the  accessory 
glands.  (Table  II ) 

Microscopic  findings  with  all  three  staining  techniques 
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and  polarized  light  were  identical  to  those  described  for 
the  intact  controls  with  one  exception:  there  was  moderate 
reduction  in  the  height  of  the  secretory  columnar  epithelium 
to  a  more  cuboidal  type  epithelium  with  a  decrease  in 
secretory  granules  in  the  cytoplasm  on  the  accessory  glands* 

Group  III _ 90o  Estrogen  Treated  Animals 

Immediately  post  rnortum  a  discharge  of  2-4  drops  of 
urine  occurred  consistently  in  the  group  of  animals  treated 
through  the  30  day  period*  In  the  40  through  60  day  treat¬ 
ment  periods  no  urine  discharge  occurred  in  those  animals 
found  to  have  bladder  distention  of  3x  or  greater.  Also, 
in  the  majority  of  animals  treated  for  40  to  60  dajrs  the 
penis  was  noted  to  be  in  partial  erection. 

Distention  of  the  urinary  bladder  of  2x  was  noted  in 
one  animal  after  8  days  of  treatment.  Between  9  and  22  days 
of  treatment  5  out  of  26  animals  showed  distention  of  2x; 
between  22  and  40  days  of  treatment  10  out  of  18  animals 
ranged  from  2x  to  4x.  In  the  40  day  treatment  period  6 
out  of  10  animals  ranged  from  2x  to  3x.  All  animals 
in  the  50  day  treatment  period  showed  distention  ranging 
from  2x  to  4x.  In  the  60  day  treatment  period  all  of  the 
animals  ranged  from  2x  to  5x»  Measurements  of  the  greatest 
transverse  diameter  of  the  bladder  in  the  animals  of  the 
50  day  treatment  period  averaged  6.0mm  and  ranged  from  5.0mm 
to  9* 0mm;  in  the  60  day  treatment  period  measurements 
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averaged  11.5mm  and  ranged  from  6. Qmm  to  20.0mm,  Of  all 
the  treated  mice  hydroureter  and  hydronephrosis  appeared 
only  in  4  of  the  8  animals  treated  for  60  days.  (Table  II ) 

The  symphysis  was  flexible  after  4  days  of  treatment. 
Animals  treated  from  5  to  14  days  had  an  average  flexibility 
of  14*  with  an  average  inter pubic  separation  of  0,25mm.  From 
15  to  40  days  of  treatment  the  majority  of  mice  had  2 4* 
flexibility  with  an  average  interpubic  separation  of  0.6mm. 

The  majority  of  animals  treated  40  to  60  days  showed  a  In¬ 
flexibility  with  an  average  interpubic  separation  of  1,7mm. 
(Table  II ) 

Microscopically ,  the  accessory  glands  in  the  treated 
group  showed  progressive  changes  related  to  duration  of 
treatment  from  tall  columnar  secretory  epithelium  to  low 
non-secretory  epithelium  with  moderate  hypertrophy  of  the 
fibromuscular  stroma  of  the  walls  of  the  glands.  These 
changes  had.  not  progressed  to  keratinization  in  any  of  the 
animals.  The  lumen  of  the  neck  of  the  bladder  was  continuous 
with  a  wide  open  lumen  of  the  membranous  urethra  with  no 
evidence  of  obstruction  by  the  accessory  glands  at  this 
level.  Other  than  these  microscopic  findings,  the  animals 
treated  through  the  50  day  period  were  identical  with  those 
of  the  controls  with  the  following  exceptions:  those  bladders 
found  to  be  distended  demonstrated  a  thinning  of  the  trans¬ 
itional  epithelium  to  1  or  2  cells  thick. 

The  majority  of  animals  treated  from  the  40  through  the 
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60  day  periods  showed  a  uniform  narrowing  of  the  penile 
urethra  with  some  engorgement  of  the  cavernous  spaces  in 
the  erectile  tissue  by  blood.  (Figs.  10  and  11)  The  mucosa 
was  folded;  however,  at  no  point  were  the  luminal  walls  of 
the  narrowed  penile  urethra  in  close  contact .  The  membranous 
urethra  remained  wide  open  throughout  in  all  the  animals 
and  did  not  show  cornif ication  of  the  urethral  mucosa. 

The  Foot-Hortega  method  did  not  demonstrate  a  change  in 
the  status  or  amount  of  collagen  in  the  bladder  wall,  in 
the  mucosa  of  the  membranous  or  penile  urethra,  in  the  region 
of  the  urethral  diverticula,  or  in  the  •.•roc tile  tissue  when 
compared  with  the  control  mice.  Neither  was  there  a  change 
in  the  amount  of  reticulum  demonstrated.  thi  lethod. 

The  P.A.S.  method  revealed  no  differences  in  the  intensity 
or  in  localisation  of  the  stain  taken  up  by  th  _  nd 
substance  throughout  the  sections  when  compared  with  those 
of  the  controls.  All  sect  lens  rer  ined  wit!  „  .... 

light,  and  no  changes  in  the  birefringence  of  the  collagen 
bundles  were  noted  when  compared  with  the  intact  controls. 


G-rou.'p  IV  Water  Intake  Study  Group 

No  significant  difference  was  found  in  the  water  intake 
between  the  treated  and  the  untreated  mice.  The  control 
animals  had  a  daily  average  water  intake  of  5.22cc  with  a 
range  among  the  5  animals  of  4.58cc  to  6.03cc.  The  estrogen 
treated  animals  had  a  daily  average  water  intake  of  5.6lcc 
with  a  range  among  the  7  animals  of  4.01cc  to  6.92cc. 
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DISCUSSION 

The  dose  of  2  xigm  of  estradiol  benzoate  daily  to  the 
animals  in  this  experiment  is  considered  to  be  a  high  one 
and  comparable  to  those  used  in  experiments  to  which  previou 
reference  was  made.  Possibly  a  constant  higher  level  of 
circulating  hormone  may  have  been  attained  in  those  ex¬ 
periments  in.  which  very  high  doses  of  hormone  were  given 
by  pellet  or  particle  implantation  ( Shirk in ,  et.al,  1941; 
Crelin  and  Haines,  1955;  Thompson,  1955);  however,  it  seems 
doubtful  that  the  incidence  of  response  in  the  mice  used 
in  this  experiment  would  be  significantly  altered  by  a 
higher  dose  of  hormone. 

Slight  distention  of  the  urinary  bladder  occurred 
sporadically  in  a  few  animals  treated  for  8  to  22  days 
while  moderate  distention  was  a  more  frequent  finding 
following  treatment  for  22  to  40  days,  thus  demonstrating 
individual  variation  in  response  to  estrogen.  After  50 
days  of  treatment  however,  all  of  the  animals  showed 
moderate  to  marked  distention  of  the  urinary  bladder,  and 
this  uniform  response  was  confirmed  in  the  animals  of  the 
6 0  day  treatment  period.  That  there  is  a  va;  iation  in  the 
response  of  urinary  bladder  distention  in  different  strains 
of  mice  has  been  demonstrated  by  Shimkin  (1941)  and  Thompson 
(1955).  Both  of  these  investigators  found  Strain  C3H  mice 
relatively  res is tent  to  estrogen  treatment  and  Strain  C57 
Black  quite  susceptible  to  estrogen  treatment  with  regard 
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to  urinary  "bladder  distention.  Thompson  (1955)  noted 
bladder  distention  in  Strain  C57  mice  after  50  days  of 
treatment,  and  the  Brown- Belt  stock  used  in  the  present 
experiment  may  be  regarded  as  somewhat  more  resistent  to 
estrogen  treatment  than  the  C57  Strain.  This  variation 
in  response  according  to  the  strain  of  mice  may  be  related 
to  differences  in  metabolites  or  in  end  organs  but  at  the 
present  time  the  mechanism  is  not  substantially  understood. 

In  the  present  experiment  it  is  impossible  to  incriminate 
prostatic  enlargement  with  mechanical  obstruction  as  the 
mechanism  responsible  for  the  urinary  bladder  distention. 
Lacassagne  (1935)  and  Burrows  (1934-)  originally  pointed  out 
that  prostatic  enlargement  of  any  significance  does  not 
occur  until  after  approximately  5  months  of  treatment,  and 
it  is  probable  that  bladder  distention  was  actually  present 
in  their  treated  animals  before  the  time  of  observation  and 
that  prostatic  enlargement  was  only  secondarily  a  contributing 
factor,  Gardner  (1935)  clearly  showed  that  if  mechanical 
obstruction  were  responsible  for  bladder  distention  it  was 
not  at  the  level  of  the  prostate  when  he  noted  distention 
of  the  urethra  to  the  level  of  the  pubic  symphysis  in  his 
treated  animals  which  demonstrated  bladder  distention.  His 
observations  are  supported  by  the  present  experiment  in 
which  by  microscopic  observation  it  was  noted  that  the 
lumen  of  the  neck  of  the  bladder  was  continuous  with  the 
wide  open  lumen  of  the  entire  membranous  urethra  in  all  the 
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treated  animals.  Also,  oornif ication  of  the  urethral 
mucosa  was  not  observed  in  the  present  experiment  and  is 
not  considered  to  be  an  initiating  factor  in  producing 
urinary  bladder  distention. 

A  mechanical  obstruction  due  to  histological  changes 
in  and  adjacent  to  the  urinary  outflow  tract  was  not 
demonstrated  in  the  present  experiment.  Hot  only  was  the 
lumen  of  the  membranous  urethra  wide  open  throughout  in 
all  the  treated  animals  but  also  the  lumen  of  the  penile 
urethra,  although  narrowed  in  the  40  to  60  day  treated 
animals,  remained  patent.  With  special  staining  techniques 
and  examination  with  polarized  light  no  changes  in  collagen, 
reticulum,  or  ground  substance  in  the  treated  animals  could 
be  determined.  Therefore,  it  is  assumed  that  histological 
changes  in  response  to  estrogen  treatment  is  not  the 
initiating  factor  responsible  for  urinary  bladder  distention. 

Thompson  (1955)  in  his  work  on  water  intake  in  estrogen 
treated  animals  concluded  that  because  he  found  an  increased 
water  intake  in  certain  strains  of  mice,  which  also  demonstrated 
bladder  distention,  there  was  a  functional  relationship  be¬ 
tween  the  two  observations.  His  method  of  determining 
bladder  distention  by  abdominal  palpation  seems  somewhat 
tenuous.  In  the  present  experiment  no  significant  increase 
in  water  intake  in  the  treated  animals  compared  with  the 
controls  was  noted.  This  may  be  explained  on  the  bs.sis  of 
variation  in  response  in  the  different  strains  of  mice  used. 
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However,  an  increased  water  intake  in  the  treated  animals 
cannot  he  considered  as  an  initiating  factor  causing 
bladder  distention  in  the  present  experiment,  and  it  seems 
difficult  to  explain  physiologically  why  any  animal  who 
consumes  more  water  than  the  average  should  develop  tre¬ 
mendous  bladder  distention  and  hydroureter  and  hydrone¬ 
phrosis,  Unless  such  an  animal  had  an  additional  factor 
inhibiting  the  act  of  micturition  as  might  occur  in  the 
human  on  a  socio-phychological  basis,  it  would  seem  that 
the  physiological  response  in  an  animal  to  increased  water 
intake  would  be  increased  frequency  of  micturition.  There 
fore,  it  appears  more  logical  that  estrogen  treatment  in 
addition  to  increasing  water  intake  in  some  strains  of 
mice  must  upset  the  physiology  of  micturition. 

It  was  noted  in  the  present  experiment  that  the  major 
ity  of  those  animals  treated  with  estrogen  for  do  to  SO 
days  had  partial  erection  of  the  penis,  and  on  microscopic 
examination  there  was  narrowing  of  the  penile  urethra  and 
some  engorgement  of  the  cavernous  spaces  of  the  erectile 
tissue.  This  may  be  explained  on  the  basis  of  estrogen 
or  its  metabolites  exerting  a  localized  cholinergic  effect 
Reynolds  (1933)  observed  hyperemia  and  demonstrated  an 
increase  in  the  acetylcholine  content  of  the  uterus  in 
spayed  rabbits  when  he  injected  estrogen  and  found  this 
effect  inhibited  by  atropine.  He  also  noted  hyperemia 
in  transplanted  uterine-tissue  in  which  no  nerves  could  be 
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demonstrated  following  estrogen  treatment.  If  estrogen 
does  exert  a  local  cholinergic  effect  producing  partial 
erection,  it  may  also  stimulate  the  striated  muscle  layer 
of  the  membranous  urethra  (Figs.  12  and  13)  to  contract 
in  a  tonic  or  clonic  fashion  thus  producing  a  physiological 
partial  obstruction  to  the  urinary  outflow  tract  in  the 
live  mouse.  It  is  also  possible  that  such  a  phenomenon 
may  occur  as  a  result  of  local  Irritation  to  the  urethral 
mucosa  by  estrogen  or  its  metabolites  which  initiates  a 
reflex  along  somatic  and  parasympathetic  nerves  which  cause 
contraction  of  the  urethral  striated  muscle  and  partial 
erection.  Although  this  mechanism  is  purely  speculative 
it  would  be  consistent  with  the  findings  in  the  present 
experiment  of  progressive  urinary  bladder  distention  as 
the  course  of  estrogen  treatment  proceeded  (Figs.  1  through 
6),  which  is  compatible  with  life  over  an  extended  period, 
indicating  a  partial  or  intermittent  physiologic  obstruction 
to  the  urinary  outflow  tract. 
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SUMMARY 


1. 


D  . 


4. 


Male  mice  of  the  Brown-belt  stock  were  castrated  at 
the  age  of  3  months  and  were  treated  with  da 11;  ii  - 
jections  of  2  yign  of  estradiol  benzoate.  The  animals 
were-  sacrificed  at  daily  intervals  for  the  first  30 
days  of  treatment  and  at  10-day  intervals  for  30  to 
50  days  of  treatment. 
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tract  of  each  treated  animal  and  of  castrated 
untreated  control  animals  was  examined  gross- 
lower  urinary  tract  was  excised  en  bloc, 
were  prepared  for  histological  study. 


Urinary  bladder  distention  occur  ?ed  in  one  ani..:  1  after 
8  days  of  treatment  and  occurred  sporadically  in  animal < 
treated  for  8  to  50  days.  All  animals  treated  for  50 
days  or  more  had.  urinary  bladder  distention.  The 
majority  of  animals  treated  for  40  to  50  days  had 
partial  erection  of  the  penis. 

A  mechanical  obstruction  due  to  histological  changes 
in  and  adjacent  to  the  urinary  outflow  tract  was  not 
demonstrated  by  staining  techniques  incl  ii  g  TT.  2  E., 
P.A.S.,  &  Collagen  Stain  or  by  stud  .  sing  poll  ri 
light .  It  was  noted,  however,  that  the  penile  urethra 
was  narrowed  and  that  there  was  some  engorgement  of 


the  cavernous  spaces  of  the  erectile  tissue  in  most 
animals  treated  for  40  to  60  days. 
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A  review  of  the  literature  concerned  with  urinary 
bladder  distention  as  a  result  of  estrogen  treatment 
is  presented.,  and  previously  suggested  mechanisms 
are  discussed, 
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the  urinary  outflow  tract  as  a  result  of  a  local 
cholinergic  or  irritative  effect  of  estrogen  is  sug¬ 
gested  to  explain  urinary  bladder  distention  with 


estrogen  treatment 
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DKAWINO  1 


•Penis 

-Iachiocavemosus  muscle 
ymphysis  Pubis 
Bladder 

Ventral  Prostate 
Dorsal  Prostate 
Vesicular  gland 
Coagulating  gland 
i.iembranous  urethra 
Urethral  diverticulum 
Bulbocavernosus  muscle 


Drawing  of  gross  specimen  from  castrated  control  animal*  lateral  view. 
(Adapted  from  Fig.  l) 


DRAWING  2 


•Vesicular  gland 
■Coagulating  gland 

■Inpullary  glands 

Ductus  deferens 
31adder 

—Ventral  Prostate 


Membranous  urethra 


Ischiocavernosus  muscle 
Bnlbo- urethral  gland 
-Urethral  divertieulun 
Oulbocavernosus  rouscle 
•Corp.  car,  urethra 


Corp.  cav.  penis 


Drawing  of  nale  urogenital  system  of  the  mouse*  ventral  view. 
(Adapted  from  Biology  Of  The  Laboratory  Mouse) 

1.  Left  corpus  caver no sum  penis  and  Lulbocavernosus  muscle 
are  dissected. 

2.  Structures  not  shown*  testis,  epididymis,  dorsal  prostate, 
preputial  gland,  prepuce. 
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DRATENG  3 


- - Vesicular  eland 

- Anpullary  gland 

Dorsal  Prostate 
juctus  deferens 


t  of  the  dorsal 
prostate 

ct  of  vesicular  glani 
Bladder 

of  bladder 

Aick  of  coagulating 
gland 
erumontanum 

(colliculus 
ceminalis) 
Ventral  Prostate 


■Membranous  urethra 


Urethral  glands (of  Litt 


■«  ...  —  -Striated  muscle 


■Symphysis  pubis 


■Cavernous  spares 
4  attile  urethra 

■Duct  of  bulbourethral 

gland 

■Urethral  diverticulum 

■Olands  of  urethral 
diverticulum 

■Bulbocavernous  muscle 


a-iting  of  male  ’rro  genital  system  of  the  mouse*  sagittal  section, 
composite  drawing, 

(Adapt od  from  Fig,  7  &  Biology  Of  The  Laboratory  Mouse) 
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CODE:  Fiss.  1-6 

3  -  Urinary  Bl-  'Her 
V  -  Vesicular  Gland 
U  -  Membranous  Urethra 
F  -  Penis 

M  -  Bulbocaverno3us  Muscle 


1 _ Animal  No,  ZC  d 

Gross  specimen  from  a  castrated,  untreated  control 
anim  i;  u  rinary  bladder  distention  is  x.  (x4) 


Fi-  ,  _2 . Animal  No.  3-60;  3  -8 

Gross  specimen  from  a  castrated,  estrogen  treated 
animal,  60  day  period;  urinary  bladder  distention  is  2x.  (x 
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CODE:  Figs.  1-6 

B  -  Urinary  Bladder 
V  -  Vesicular  Gland 
U  -  Membranous  Urethra 
P  -  Penis 

M  -  Bulbocavernosus  Muscle 


Fig.  3  Animal  No .  E-$0;  -6 

Gross  specimen  from  a  castrated,  estrogen  treated 
animal,  60  day  period;  urinary  bladder  distention  is 
3x .  ( x4 ) 


Fig.  4  Animal  No . _ E-60;  d?  -5 

Gross  specimen  from  a  castrated,  estrogen  treated 
animal,  60  day  period;  urinary  bladder  distention  is 
4x .  ( x4 ) 
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CODE:  Figs.  1-6 

B  -  Urinary  Bladder 
V  -  Vesicular  Gland 
U  -  Membranous  Urethra 
?  -  Penis 

M  -  Bulbocavernosus  Muscle 


Fig.  5  Animal  No .  F-60;  ' _ -10 

Gross  specimen  from  a  castrated,  estrogen  treated 
animal,  60  day  period;  urinary  bladder  distention  is 
5x.  (x4) 


Fig.  6  Animal  No.  E-60;^-T 

Gross  specimen  from  a  castrated,  estrogen  treated 
animal,  60  day  period;  urinary  bladder  distention  is 
5x.  (x4) 
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Longitudinal  section  to  one  side  of  the  midline  of 
the  membranous  urethra,  urethral  diverticulum,  and  penile 
urethra  from  a  castrated,  untreated  control  animal.  The 
luminal  walls  of  the  membranous  and  penile  urethra  are 
wide  apart  except  at  the  site  of  the  urethral  diver¬ 
ticulum  where  it  is  narrow. 

M  -  Membranous  urethra 
P  -  Penile  urethra 
U  -  Urethral  diverticulum 
D  -  Duct  of  the  bulbourethral  gland 
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Longitudinal  section  in  the  midline  at  the  site  of 
the  urethral  diverticulum,  and  junction  of  the  membranous 
with  the  penile  urethra,  from  a  castrated,  untreated 
control  animal.  The  membranous  and  penile  urethra  are 
wide  apart . 

M  -  Membranous  urethra 
P  -  Penile  urethra 
U  -  Urethral  diverticulum 


Fig,.  9 

Longitudinal  section  to  one  side  of  the  midline  at 

the  site  of  the  urethral  diverticulum,  and  junction  of 

the  membranous  with  the  penile  urethra,  from  a  castrated, 

animal  treated  for  27  days  with  estrogen  and  demonstrating 

urinary  bladder  distention  of  2x. 

M  -  Membranous  urethra 
P  -  Penile  urethra 
U  -  Urethral  diverticulum 
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Fi;,  10 

High  power  view  of  a  section  through  the  erectile 
tissue  of  the  corpus  cavernosum  penis  from  a  castrated 
animal  treated  for  60  days  with  estrogen  showing  some 
engorgement  of  the  cavernous  spaces. 


Fig.  11 

Longitudinal  section  to  one  side  of  the  midline 

through  the  penile  urethra  and  urethral  diverticulum 

from  a  castrated  animal  treated  for  60  days  with  estrogen 

and  demonstrating  urinary  distention  of  5x.  The  penile 

urethra  is  narrowed. 

P  -  Penile  urethra 
U  -  Urethral  diverticulum 
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Fi  .  12 

Longitudinal  section  through  the  striated  muscle 
layer  of  the  membranous  urethra  from  a  castrated,  un¬ 
treated  control  animal. 


High  power  view  of  the  striated  muscle  fibers  from 
the  membranous  urethra,  of  a  castrated,  untreated  animal 
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